Jan-24-07 10:47am Froin-RatnerPrestia PC 610-407-0701 T-676 P. 002 F-632 



SUBSTITUTE SPBCIPICATIOM : MARKED UP COPY 



PAGE2/15'RCVpAT 1/2412007 10:48:28 AM [Eastern Standard Tlme]*sm^ 



Jan-24-07 10:47ain 
PC 10568 



From-RatnerPrestia P.C 



610-407-0701 



T-676 P. 003/01 5 F-632 



Pressure Sensor Module 

Techttical Field 

The present invention relates to a pressure sensor module for electronic brake systems in 
motor vehicles- 

WO 01/8551 1 A J discloses integrating pressure sensors into electronic brake control devices. 
The embodiments described in the nuentioned publication relate to the integration of single 
sensors, which are festened directly into a hydraulic unit by meaiis of clinched engagement* 

Generic EP 1 068 1 20 B 1 discloses a pressure sensor module having pressure sensors, which 
are festened in the sensor housing by way of sealing rings or holding rings in a sophisticated 
maimer. In addition, the arrangement and the sophisticated fabrication of several boreholes or 
threaded holes in the sensor housing and hydraulic housing is required to interconnect both 
housings by several screws. Leakage can occur and the screws can loosen when the tightening 
moment of the screws fells below the necessary tightening moment. 

In view of the above, an object of the invention is to provide a pressure sensor module that is 
most simple to manufecture and does not exhibit the above-mentioned drawbacks. 

This objcot is ochioved for a pr e ssure sensor modul e of th e type mentioned h e r e inabov e by 
the charactGrizing featur e s of patent cl a im 4T 

Further advantages, features and possibl e applications of the invention can b e taken from the 
sub olaims and the following description of sev e ral cmbodimonts by way of the 
aceom p auy i ng (fe^ingSr 

In the drawings, 
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Brief Description of The Drawings 

Figure 1 is a view of a cross^section taken through a cylindrical element that is directed into a 
section of a sensor housing and into a section of a hydraulic housing, said housings being 
connected to the element exclusively by means of a housing defonnation produced by self- 
caJking* 

Figure 2 is an alternative embodiment of the element shown in Figure 1, with an attachment 
combination consisting of self-calking in the hydraulic housing and a press fit engagement of 
the element in the sensor housing- 
Figure 3 shows, dififerent from Figures 1 and 2, an attachment combination consisting of a 
screw coupling of the element with the sensor housing and a selfni^alking attachment of the 
element with the hydraulic housing. 

Figure 4 shows diiferent from Figure 1 a weld joint of the element and a cap-shaped upper 
part 

Figure 5 is a total view of the sensor housing with several elements attached therein by means 
of self-calking, with only the elements arranged at the ends of the sensor housing being 
connected to the hydraulic housing by means of self-cafldng. 

Figure 6 shows, based on Figure 5, a fimctional variation of the elements axranged at the ends 
of the sensor housings said elements fulfilling a flow fhnction in addition to an attachment 
function. 

Detailed Description of The Preferred Embodiments 

Figures 1 to 6 present a pressure sensor module for use in electrohydraiilic brake systems in 
particular. As is known, a pressure sensor module acconmiodates several pressure sensoi^ 
arranged in a sensor housing 1 3, vMch is attached with its flange surface to the mourning 
surface of a hydraulic housing 12 in such a &$hion that several pressure ducts 14 arranged in 
the sensor housing 13 and in the hydraulic housmg 12 are interconnected for pressure 
detection. 
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According to the invention, a cylindrical elemeni 3 provided with two festening sections 1, 2 
is arranged between the flange surface 4 and the mounting surfece 5, said element extending 
from there with its diametrical festening sections 1 , 2 into the sensor and hydraulic housings 
13, 12. As becomes apparent from Figures 1 to 6, a first accommodating bore 6 opens in each 
case into the flange surface 4 of the sensor housing 13, and the first fasterdng section 1 of the 
cylindrical element 3 extends into said accommodating bore in operative and/or positive 
engagement. 

Further, it can be taken from Figures 1 to 6 that a second accommodating bore 7 opens into 
the mounting surface 5 of the hydraulic housing 1 2 and houses the second fastening section 2 
of the cylindrical element 3 in operative and/or positive engagement. Arranged between the 
two festening sections 1, 2 of the cylindrical element 3 is a bead 8 with two annular surfaces, 
and its annular surface close to the sensor housing 1 3 abuts on an edge of the first 
accommodating bore 6, while its second annular surface close to the hydraulic housing 12 
abuts on an edge of the second accommodating bore 7. Both accommodating bores 6, 7 are 
coaxially aligned relative to each other, and one of the rwo accommodating bores 6, 7 
includes a recess 9 into which the bead 8 plunges completely. The circular recess 9 is 
indented into the flange surface of the sensor housing 12 in the examples according to Figures 
1 to 6. 

Element 3 having a cylindrical structure includes at least one waist 10 of a great material 
hardness on the periphery of at least one of the two fastening sections 1, 2, into which waist 
either the material of the sensor housing 13 that is softer compared to the waist 1 0 or the 
material of the hydraulic housing 12 that is softer compared to the waist 10 is displaced for 
sealing and fastening purposes, depending on the depth of immersion of the element 3 into at 
least one of the two accommodating bores 6, 7. To this end, at least the festening sections 1, 2 
of element 3 provided with the waist 10 are made of steel, preferably of free-cutting steel, or 
brass. In comparison thereto, the sensor housing 13 and/or the hydraulic housing 12 is made 
of Kght metal, preferably of an ahmiinum wrought alloy. An extruded profile is especially 
appropriate for this purpose. 
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In Figure 6 the cylindrical element 3 is ikvorably designed as a pressure pipe for conducting 
the pressure prevailing in the hydraulic bousing 12 in the direction of the sensor housing 13 so 
that the element 3 fulfils not only a &stening function but also a flow function. 

In addition, the invention arranges for the cylindrical element 3 to cany a measuring element 
1 1 for detecting the pressure in the hydraulic housing 12, to what effect the cylindrical 
element 3 is configured as a meter tube, with the measuring element 1 1 being festened to the 
meter tube end arranged in the sensor housing 13. 

In addition to the common features explained in Figures 1 to 6, the special characteristics of 
each embodiment shown will be referred to briefly in the following. 

Figure 1 shows as a special feature the attachment of the element 3 in the hydraulic and 
sensor housings 12, 13 exclusively produced by self-calking at the two festening sections 1, 2, 
to what end jfirst of all the first fastening section 1 is press fitted into the stepped 
accommodating bore 6, so that the material of the sensor housing 13 that is softer compared to 
the element 3 is displaced into the waist or compressed, respectively, what is done by means 
of a step 1 5 adjacent to the waist 10. Thus, the element 3 quasi performs the function of a 
calking punch whose advance movement is produced by an axial force that is effective at bead 
8. After the desired elements 3 have been fastened in the sensor housing 1 3, the sensor 
housing 13 is aligned with respect to the pressure ducts 14 in the hydraulic housing 12 and 
press fitted, with a defined force, by means of the second festening sections 2 into the 
pressure ducts 14 for providing self-calking (self-clinch). 

Other than the object according to Figure 1, the first tubular fastening section 1 is provided 
with a press fit in the enibodiment according to Figure 2 so that there is no need to arrange a 
waist 1 0 in the area of the first fastening section 1 . Therefore, the first fastening section 1 is so 
fabricated that it is only slightly oversized with regard to the first accommodating bore 6. The 
press fit chosen is advantageous inasmuch as the sensor housing 13 can also be manu&ctured 
fit>m steeL, if desired or required. The second &stening section 2 is connected by way of self- 
calking, as has been described aheady with respect to Figure 1 . 

Different 6vm the previous embodiments, a thread 16 is used in Figure 3 to connect the first 
fastening section 1 to the sensor housing 13. The element 3 is sealed in the sensor housing 13 
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by means of a sealing cone 1 7 at the first £istemng section 1 which will abut on a conical 
sealing seat above the thread 16 after the element 3 has been screwed into the first 
accommodating bore 6. Similar to the previous examples, the second fiistening section 2 is 
undetachabiy connected to the hydraulic housing 12 by means of selfcalking, preventing also 
the thread 1 6 from detaching. 

Based on an attachment of the element 3 m the hydraulic and sensor housing 12, 13 according 
to Figure 1 , Figure 4 shows that a cap-shaped upper part 1 8 is welded at the first fastening 
section 1 for the accommodation of a measuring element 11, This is advantageous because 
different materials can be employed as desired or required. 

Figure 5 is a cross-sectional side view of a block-shaped sensor housing 13, having several 
parallel tubular members attached by means of self-calking, with only the tubular members 
arranged at the two ends of the sensor housing 13 in their capacity of the initially mentioned 
elements 3 being connected to the hydraulic housing 12 by means of self-caDdng. 
Corresponding to their design according to Figure 4, said elements 3 can accommodate 
measuring elements 1 1 also at tiieir upper parts. Between the two elements 3, the tubular 
members arranged in the fiirther accommodating bores 6 of the sensor housing 13 are only 
configured as calked measuring element carriers 19 which do not exhibit any mechanical 
connection to the hydraulic housing 12. Said measuring element carriers 19 are in connection 
to the pressure ducts 14 of the hydraulic housmg 12 by way of pressure measuring bores 20 in 
the flange surface 4. The flange surfitce 4 is sealed relative to the mounting surface 5 in the 
area of the pressure measuring bores 20 either by way of single seals 21 or a sealing plate 22, 

Different firom the design of Figure 5, the two outward elements 3 in Figure 6 are only used as 
fastening elements calked into the sensor housing and hydraulic housing 12, 1 3 and being 
connected by way of transverse channels 23 to two tubular members calked into the sensor 
housing 13, said tubular members corresponding to the measuring element carriers 19 known 
firom Figure S. Disposed between these two measuring element carriers 19 are fiirther 
measuring element carriers 19 that correspond in their design and function to those explained 
with respect to Figure 5. In the area of the two outward elements 3 the sensor housing 1 3 has 
a broad abutment sur&ce being used to accommodate the necessary press-in force in order to 
calk the two outward elements 3 with the hydraulic housing 1 2. The broad abutment surface 
24 is limited laterally by a housing fi^ame 25 in which the measuring element carriers 19 and, 
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as the case may be, also conqjonents or the entire necessary pressure sensor electronics is 
disposed, A housing cover (not shown) closes the housing fiame 25. 

The invention disclosed allows providing a pressure sensor module, which is particularly 
simple to festen at a hydraulic housing and v/hose elements 3 suggested for the attachment are 
configured in such a manner that the elements 3 can fiiliill additional functions such as the 
propagation of pressure into the sensor housing 13, and the accomrcwdation of the measuring 
elements 1 1 required for the pressure detection or a sealing function. 
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List of R e f e r e nc e Num e rals: 

A fastening se ction 

-3 fast e ning section 

-4 flange surfiice 

•S me tmtjr > g - surfac e 

accommodating bore 

-8 bead 

-9 feeess 

4^ — - wa ist 

44 moasuring e l e m e nt 

43 hydraulic unit 

43 sensor housing 

44- — pr e ssure duct 

45 step 

46 thr e ad 

4?- sealing cone 

4* upp e r part 

45> measttf Mae -e l e m ent cte ief 

20 — pressure measuring bor e 

34 singl e seal 

33 — ooalingplato 

33 transv e rse channel 

34— — abutm e nt surfiic e 
2§ frame 
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Pressure Sensor Module 

Technical Field 

The present invention relates to a pressure sensor module for electronic brake systetns in 
motor vehicles. 

WO 01/8551 1 Al discloses integrating pressure sensors into electronic brake control devices. 
The embodiments described m the mentioned publication relate to the integration of single 
sensors, which are festened- directly into a hydraulic unit by means of clinched engagement. 

Generic EP 1 068 1 20 Bl discloses a pressure sensor module having pressure sensors, which 
are fastened in the sensor housing by way of sealing rings or holding rings in a sophisticated 
manner. In addition, the arrangement and the sophisticated fabrication of several boreholes or 
threaded holes in the sensor housing and hydraulic housing is required to interconnect both 
housings by several screws. Leakage can occur and the screws can loosen when the tightening 
moment of the screws fells below the necessary tightening moment- 

In view of the above, an object of the invention is to provide a pressure sensor module that is 
most simple to manu&cture and does not exhibit the above-mentioned drawbacks. 

Brief DescriPtiop of The DrawipES 

Figure 1 is a view of a cross-section taken through a cylindrical element that is directed into a 
section of a sensor housing and into a section of a hydraulic housing, said housings being 
connected to the element exclusively by means of a housing deformation produced by self- 
calking. 
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Figure 2 is an altemative embodiment of the element shown in Figure 1, with an attachment 
combination consisting of self-calking in the hydraulic housing and a press fit engagement of 
the element in the sensor housing. 

Figure 3 shows, different from Figures 1 and 2, an attachment combination consisting of a 
screw coupling of the element with the sensor housing and a self-calking attachment of the 
element with the hydraulic housings 

Figure 4 shows different from Figure 1 a weld joint of the element and a cap-shaped upper 
part. 

iFigure 5 is a total view of the sensor housing with several elements attached therein by means 
of self-calking, with only the elements arranged at the ends of the sensor housing being 
connected to the hydraulic housing by means of sclf-caDdng. 

Figure 6 shows, based on Figure 5, a functional variation of the elements arranged at the ends 
of the sensor housing, said elements fulfilling a flow fimction in addition to an attachment 
function. 

Detailed Description of The Preferred Embodiments 

Figureis 1 to 6 present' a pressure sensor module for use in eJectrohydraulic brake systems in 
particular. As is known, a pressure sensor module accommodates several pressure sensors 
arranged in a sensor housing 13, which is attached with its flange sur&ce to the mounting 
surfece of a hydraulic housing 12 in such a &5hk)n that several pressure ducts 14 ananged in 
the sensor housing 13 and in the hydraulic housing 12 are intercoimected for pressure 
detection. 

According to the invention, a cylindrical element 3 provided with two listening sections 1, 2 
is arranged between the flange sur&ce 4 and the mounting surface S, said element extending 
from there with its diametrical festening sections 1, 2 into the sensor and hydraulic housmgs 
13, 12. As becomes apparent from Figures 1 to 6, a first accommodating bore 6 opens in each 
case into the flange surface 4 of the sensor housing 13, and the first fastening section 1 of the 
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cylindrical element 3 extends into said accommodating bore in operative and/or positive 
engagement. 

Further, it can be taken from Figures 1 to 6 that a second accommodating bore 7 opens into 
the mounting surface 5 of the hydraulic housing 12 and houses the second fastening section 2 
of the cylindrical element 3 in operative and/or positive engagement. Arranged between the 
two festening sections 1, 2 of the cylindrical element 3 is a bead 8 with two annular surfaces, 
and its annular surface close to the sensor housing 13 abuts on an edge of the first 
accommodating bore 6, while its second annular surface close to the hydraulic housing 12 
abuts on an edge of the second accommodating bore 7, Both accommodating bores 6, 7 are 
coaxially aligned relative to each other, and one of the two accommodating bores 6, 7 
includes a recess 9 into which the bead 8 plunges completely. The circular recess 9 is 
indented into the flange surface of the sensor housing 12 in the examples according to Figures 
lto6. 

Element 3 having a cylindrical structure includes at least one waist 10 of a great material 
hardness on the perq}hery of at least one of the two fastening sections 1 , 2, into which waist 
either the noaterial of the sensor housing 1 3 that is softer compared tp the waist 1 0 or the 
material of the hydraulic housing 12 that is softer compared to the waist 10 is displaced for 
sealing and fastening purposes, depending on the depth of immersion of the element 3 into al 
least one of the two accommodating bores 6, 7. To this end» at least the listening sections 1 , 2 
of element 3 provided with the waist 10 are made of steel, preferably of free-cutting steel, or 
brass. In comparison thereto, the sensor housing 13 and/or the hydraulic housing 12 is made 
of light metal, preferably of an ahmunum wrought alloy. An extruded profJe is especially 
appropriate for this purpose. 

In Figure 6 the cylindrical element 3 is fevorably designed as a pressure pipe for conducting 
the pressure prevailing in the hydraulic housing ] 2 in the direction of the sensor housing 1 3 so 
that the element 3 fulfils not only a &stening function but also a flow function. 

In addition, the invention azranges for the cylindrical element 3 to cany a measuring element 
1 1 for detecting the pressure in the hydraulic housing 1 2, to what effect the cylindrical 
element 3 is configured as a meter tube, with the measuring element 1 1 being fristened to the 
meter tube end arranged in the sensor housing 13, 
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In addition to the common features explained in Figures 1 to 6, the special characteristics of 
each embodiment shown will be referred to briefly in the following. 

Figure 1 shows as a special feature the atiachnnent of the element 3 in the hydraulic and 
sensor housings 12, 13 exclusively produced by self-calking at the two ^ening sections 1, 2, 
to what end &st of all the first fastening section 1 is press fitted into the stepped 
acconmiodating bore 6, so that the material of the sensor housing 13 that is sojfter compared to 
the element 3 is displaced into the waist or compressed, respectively, what is done by means 
of a step 15 adjacent to the waist 10, Thus, the element 3 quasi performs the fimction of a 
calking punch whose advance movement is produced by an axial force that is effective at bead 
8, After the desired elements 3 have been fastened in the sensor housing 1 3, the sensor 
housing 13 is aligned with respect to the pressure ducts 14 in the hydraulic housing 12 and 
press fitted, with a defined force, by means of the second fastening sections 2 into the 
pressure ducts 14 for providing self-calking (self-clinch)- 

Other than the object according to Figure 1, the first tubular fastening section 1 is provided 
with a press fit in the embodiment according to Figure 2 so that there is no need to arrange a 
waist 10 in the area of the first fitstening section 1. Therefore, the first fastening section 1 is so 
fabricated that it is only slightly oversized with regard to the first accommodating bore 6. The 
press fit chosen is advantageous inasmuch as the sensor housing 1 3 can also be manu&ctured 
from steel, if desired or required. The second festening section 2 is connected by way of self- 
calking, as has been described abeady with respect to Figure 1 . 

Different from the previous embodiments, a thread 1 6 is used in Figure 3 to connect the first 
fastening section 1 to the sensor housing 13. The element 3 is sealed in the sensor housing 13 
by means of a sealing cone 17 at the fiorst &stemng section I which will abut on a conical 
sealing seat above the thread 1 6 after the element 3 has been screwed into the first 
accommodating bore 6. Similar to the previous examples, the second &$tening sectk)n 2 is 
undetachably connected to the hydraulic housing 12 by means of self-calking, preventing also 
the thread 16 from detaching. 

Based on an attachment of the element 3 in the hydraulic and sensor housing 12, 13 according 
to Figure 1, Figure 4 shows that a cap-shaped upper part 18 is welded at the first &stening 
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section 1 for the accommodation of a measuring element 1 1 . This is advantageous because 
different materials can be employed as desired or required. 

Figure 5 is a cross-sectional side view of a block-shaped sensor housing 13, having several 
parallel tubular members attached by means of self-calking, with only the tubular members 
arranged at the two ends of the sensor housing 13 in their capacity of the initially mentioned 
elements 3 being connected to the hydraulic housing 12 by means of self-calking. 
Corresponding to their design according to Figure 4, said elements 3 can accommodate 
measuring elements 1 1 also at their upper parts. Between the two elements 3, the tubular 
members arranged in the further accommodating bores 6 of the sensor housing 13 are only 
configured as calked measuring element carriers 19 which do not exhibit any mechanical 
connection to the hydraulic housing 12. Said meastmng element carriers 19 are in connection 
to the pressxire ducts 14 of the hydraulic housing 12 by way of pressure measuring bores 20 in 
the flange surface 4, The flange surface 4 is sealed relative to the mounting surface 5 in the 
area of the pressure measuring bores 20 either by way of single seals 21 or a sealing plate 22. 

Difierent from the design of Figure 5, the two outward elements 3 in Figure 6 are only used as 
fastening elements calked into the sensor bousing and hydraulic housing 12, 13 and being 
connected by way of transverse channels 23 to two tubular members calked into the sensor 
housing 13, said tubular members corresponding to the measuring element carriers 19 known 
from Figure 5. Disposed between these two measuring element earners 19 are further 
measuring element carriers 19 that correspond in their design and function to those explained 
with respect to Figure 5. In the area of the two outward elements 3 the sensor housing 13 has 
a broad abutment sur&ce being used to accommodate the necessaiy press-in force in order to 
calk the two outward elements 3 with the hydraulic housing 12. The broad abutment surface 
24 is limited laterally by a housing frame 25 in which the measuring element carriers 19 and, 
as the case may be, also components or the entire necessary pressure sensor electronics is 
disposed, A housing cover (xiot shown) closes the housing frame 25. 

The invention disclosed allows providing a pressure sensor module, which is particularly 
single to fasten at a hydraulic housing and ^ose elements 3 suggested for the attachment are 
configured in such a manner that the elements 3 can fiilfil] additional functions such as the 
propagation of pressure into the sensor housmg 13, and the accommodation of the measuring 
elements 1 1 xequired fr>r the pressure detection, or a sealing function. 
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